difference in heart rate between inspiration and expiration; LF, square root of power of the low frequency oscillation; LF power, power of the low frequency oscillation; Mean RR, mean of all normal RR intervals; Mean RR D-N, difference between awake and sleep time in mean RR; RSA, respiratory sinus arrhythmia; SDANN, standard deviation of the mean RR in all 5 min segments in a 24 h period; SDNN, standard deviation of all normal RR intervals; SDNN index, mean of SD's calculated on 5 min of RR intervals during a 24 h period; SE, standard error; sNN6%, number of successive RR interval differences > 6%, standardized to 24 h; sNN50, number of successive RR interval differences > 50 ms, standardized to 24 h; UAE, urine albumin excretion.
Diabetic autonomic neuropathy, nephropathy, and hypertension are strongly correlated clinical conditions. The severity of parasympathetic neuropathy gradually increases with increasing urine albumin excretion (UAE) [1] and increasing night:day blood pressure ratios [2] . Even in strictly normoalbuminuric, normotensive, Type I (insulin-dependent) diabetes mellitus interactions between autonomic function, UAE and blood pressure variation are evident [3] . Recent knowledge about circadian variations of sympathovagal balance, blood pressure and UAE in Type I diabetic patients has increased. Several studies suggest that in Type I diabetic patients with autonomic neuropathy the impaired diurnal blood pressure variation is associated with a relative nocturnal predominance of sympathetic activity [4, 5] . This might represent a risk factor for cardiovascular disease and a possible explanation for the increased incidence of myocardial infarction during the night in diabetic patients [6] . Theoretically, treatment with a drug that restrains the predominant sympathetic activity might yield protection to the heart. A considerable obstacle to the use of β-blocking agents in diabetic patients concerns possible blunting of the autonomic warning symptoms of hypoglycaemia or even by potentiating hypoglycaemia induced by antidiabetic agents [7, 8, 9] . Nevertheless, there is increasing evidence, that the use of β 1 -receptor selective blockers is not a potential risk factor for hypoglycaemia in diabetic patients [10, 11, 12, 13, 14] .
In non-diabetic patients a reduced HRV is known to be a strong and independent predictor of cardiac mortality [15, 16, 17] . The importance of β-blockers in the treatment of patients with acute myocardial infarction is well established [18] . Several studies have dealt with the effects of β-blocker treatment on HRV in healthy subjects [19] and in non-diabetic patients with cardiovascular disease [20, 21, 22, 23] . The studies agree in showing an improvement in parameters known to reflect cardiac vagal activity. This is interpreted as being a part of the cardioprotective effect of β-blocking agents. The cardiac protective effect of β-blocker treatment after myocardial infarction is even more pronounced in diabetic patients [24] .
In diabetic patients with microalbuminuria treatment with ACE-inhibitors (ACE-i) is known to reduce albuminuria, impede progression to overt nephropathy [25, 26, 27] , and preserve GFR [28] .The importance of strict blood pressure control in diabetic patients is well established [29, 30] and often combination therapy is necessary to obtain normotension [31] . Thus, the combination of ACE-i and β-blockers in patients with a high risk of cardiovascular disease seems well motivated. Only a few studies have dealt with this issue [32, 33, 34, 35] and none have focussed on the possible effects of the combination treatment on HRV. The aim of our study was to investigate the effects on HRV, BP variation and UAE of supplementary β-blockade to ACE-inhibitor treated Type I diabetic patients with abnormal albuminuria.
Subjects and methods
Patients. Inclusion criteria: (i) age between 18 to 60 years, (ii) Type I diabetes with a duration of at least five years, (iii) intact hypoglycaemia awareness, (iv) microalbuminuria or macroalbuminuria (UAE≥20 µg/min in three overnight urine collections) despite ongoing ACE-i treatment for at least 6 months prior to inclusion, (v) no evidence of heart disease or other chronic diseases by history, physical examination or 12 lead electrocardiogram, (vi) auscultatoric BP of less than or equal to 160/90 mmHg, (vii) serum-creatinine concentrations of less than 150 µmol/l, and (viii) no current (or earlier) antihypertensive treatment apart from ACE-inhibitors and diuretics.
The study included 20 Type I diabetic patients whose characteristics at baseline are given (Table 1 ) . During the study period all patients were treated with the same ACE-inhibitor (Ramipril, Astra Zeneca, Albertslund, Denmark). In addition to insulin and ACE-inhibitor treatment five patients received diuretics (furosemide/thiazid). No alterations in medication were made during the study period. Patients were graded as nonsmokers (without daily use of tobacco for at least a year) or smokers (regular tobacco consumption) based on a questionnaire with confirmatory determinations of s-cotinine. All nonsmokers had undetectable s-cotinine. Furthermore patients were classified according to participation in leisure-time physical activity as: passive (not participant) or active (regular physical exercise).
The study was approved by the ethics committee of the county of Aarhus and The National Medical Board. Patients gave their written informed consent before participating. The study was monitored by the GCP-unit (Good Clinical Practice Unit) at Aarhus University Hospital.
Study design. A randomised, placebo controlled, double blind, crossover trial studying the effects of 6 weeks treatment with metoprolol 100 mg once daily (Selo-Zok, zero order kinetics formulation, Astra Zeneca, Albertslund, Denmark) in addition to ongoing ACE-i treatment. A 4-week wash-out period was interposed between the two treatment periods. Before and after the first treatment period, and after the second treatment period patients were simultaneously monitored under ambulatory conditions with 24-h AMBP, 24-h Holter-monitoring, and 24-h fractionated urine collections. Patients were provided with three urine collection bottles and collected urine in daytime, [39, 43] . The LF:HF ratio is considered an indicator of sympatovagal balance [36] , however this concept has been questioned recently [44] . The different approaches evaluate different aspects of autonomic function and integrity. The tests are not interchangeable as estimates of autonomic function but seem to be complementary [45] . We therefore chose to use a broad spectrum of autonomic tests. Two tests were carried out under strictly specified conditions (bed-side tests and short-term spectral analysis in supine and upright positions), and two tests were carried out under ambulatory conditions reflecting modulations of HRV in patients' everyday life (24-h time domain analysis and 24-h frequency domain analysis).
Bed-side tests. Three conventional cardiovascular reflex tests were carried out: Heart rate response to standing up (30:15 ratio), heart rate response to deep breathing (inspiration-expiration difference, average of the two measurements), and blood pressure response to standing up [46] .
Short-term spectral analysis -supine and upright. Short-term spectral analysis was carried out about 10 am in a quiet room with dim light and a room temperature between 20 and 22°C. Patients did not eat, drink, or smoke 2h before the examination. They rested for 15 min in supine position followed by RR interval measuring using an online telemetric transmitter (VariaPulse TF3; Sima Media, Olomouc, Czech Republic [47] ). RR intervals were obtained in three positions (supine-standing-supine) each of at least 5 min, resulting in 256 consecutive artefact-free heart beats for each position. RR intervals in each data set were automatically extracted using a recognition algorithm and visually scrutinised for ventricular ectopic beats. The shortterm spectral analysis was carried out using a modified fast Fourier transformation (coarse-graining) which allows the extraction of broadband non-harmonic noise, contaminating particularly the lower frequencies (1/f components) [48] . The distribution of the power and central frequency of LF (0.05-0.15 Hz) and HF power (0.15-0.50 Hz) were assessed. The LF:HF ratio, CCVHF, and CCVLF were calculated.
24-h Holter monitoring.
Ambulatory electrocardiograms of 24 h were recorded by a Reynolds Tracker two-channel tape recorder (Reynolds Medical, Hertford, UK). For each tape the signal quality was tested and checked for speed errors immediately after the 24 h recording was completed. The Holter monitoring was repeated if any technical problems were disclosed.
Each recording was split into daytime and night-time according to individually reported sleeping patterns and a heart rate trend curve. The typical heart rate pattern in the period from being awake to sleep and vice versa were included in daytime and accordingly nighttime consisted of pure sleeping time. Treatment modalities were kept blind when analysing the tapes and the analysis was carried out when all participants had completed the investigation.
24-h time domain analysis.
The 24-h ambulatory electrocardiograms were analysed using the Pathfinder 600 system (Reynolds Medical, Hertford, UK). All periods with non-sinus beats or possible artifacts were omitted. Each QRS complex was detected and the RR intervals assessed. The mean RR interval and the difference between night and day heart rate were assessed in addition to: SDNN, standard deviation of all normal RR intervals; SDANN, standard deviation of the mean RR in all 5-min segments in a 24-h period; SDNN index, mean of SD's calculated on 5 min of RR intervals during a 24-h period; sNN6%, number of successive RR interval differences greater than 6%, standardised to 24 h; sNN50, number of successive RR interval differences greater than 50 ms, standardised to 24 h and HRV index, geometric index of total variability in a 24-h period.
24-h spectral analysis.
As the Pathfinder 600 system does not offer a sufficiently high sampling rate necessary for valid HRV spectral analysis replay, QRS detection, measurement of the RR interval was carried out using the Reynolds Pathfinder II system (Reynolds Medical) and our own software, executed on a personal computer. The performance of this system with regard to RR interval detection [49] and HRV analysis has been validated [50] . The replay unit uses a phaselock loop system and a speed surveyor by which speed errors that might influence RR interval variability measurements can be excluded. Only cycles with normal beat morphology were used for analysis. A filter, discharging all intervals deviating more than 25% from the preceding interval, was used [49] . The 24-h RR-interval file was divided into consecutive 5-min segments. RR intervals were time equidistantly sampled at 4 Hz using an IPFM (integral pulse frequency modulation) algorithm [51, 52] and linear interpolation was used for periods with invalid data. After editing, at least 70% of each 5-min segment should be available for HRV analysis to qualify. After antialiasing, the files were down-sampled to 1 Hz, and high-pass filtered with a lower limit of 0.04 Hz because signals below this threshold were considered as noise [52] . The 24-h power spectral analysis is based on a parametric, autoregressive method [52] . Mean RR, distribution of power, and central frequency of LF and HF components were assessed, and CCVHF was calculated. Results were shown as 24-h, day and night values. Urine albumin excretion. Urine albumin was measured by a radioimmunoassay [53] . Baseline UAE was expressed as the geometric mean of three overnight urine samples collected within a week [54] . To obtain fractionated urine collections patients were provided with three labelled urine collection bottles and collected urine in daytime, night-time, and daytime according to their sleeping pattern, giving a total of 24 h. Patients received verbal and written information about the procedures. Urine samples were checked for infection (Multistix 8SG, Ames, Stokes Court, UK). Women were informed to refrain from urine collection when menstruating.
Blood samples. Blood glucose was measured (Reflolux II; Boehringer Mannheim, Mannheim, Germany) immediately before short-term spectral analysis was carried out. HbA 1c was assessed by HPLC (non-diabetic range 4.4-6.4%). Serum-cotinine was measured by double antibody RIA (Nicotine metabolite, KCTD1, Medi-Lab, Copenhagen).
Statistical methods.
Variables with skewed distributions were transformed to approximate normal distribution. Due to convention short-term spectral data were natural log transformed and 24-h spectral analysis data and UAE were log 10 transformed.
We used a compound symmetry model, which has identical correlations between each pair of observations on the same individual. The analysis of each of the response variables was carried out as a linear mixed model. The fixed effects included both factors induced by the cross-over design as well as other possible explaining factors and variables (age, smoking, etc). The cross-over design with a run-in period was modelled by means of four terms (effects); treatment, period, allocation group, and carry-over (period by treatment effect). The possible explaining variables were screened by adding them one at a time to the model together with their interaction with treatment. Thus the effect of treatment might depend on age, smoking, etc. The Bonferroni method was used to adjust the p values. Results are expressed as means ± SD, UAE is shown as geometric mean ×/÷ tolerance factor. ∆ denominates the estimate of the treatment effect ± SE. A two tailed p value of less than 0.05 was considered statistically significant.
Results
None of the patients reported symptoms of diabetic autonomic neuropathy (orthostatic hypotension, gastric symptoms, intermittent diarrhoea, bladder dysfunction, erectile impotence, or gustatory sweating).
Patient compliance was high and was assessed by tablet counting, as 95.9%±4.5% of the delivered tablets were taken. One patient received only 50 mg tablets in both treatment periods due to bradycardia. The combination treatment was well tolerated, and all patients completed the trial. None of the patients experienced any hypoglycaemic episodes during the study period.
The statistical analysis showed no period, allocation group, or carry-over effect. No period effect was found which implies that there was no statistical difference between the run-in period and the placebo period results.
Bed-side tests for cardiovascular autonomic neuropathy. An abnormal or borderline deep-breathing test was carried out in 14 patients; six patients had an abnormal or borderline 30:15 ratio test (cut points according to [46] ), and five patients showed an abnormal or borderline test result in both tests. None of the 20 patients tested had an abnormal orthostatic test.
The effects of supplementary metoprolol treatment on bed-side measures of autonomic function are shown in Table 2 . In the supine position systolic BP was not statistically altered by metoprolol treatment, whereas diastolic BP in the supine position as well as systolic and diastolic BP in the upright position were reduced by metoprolol treatment. The changes in systolic and diastolic BP from supine to the upright position did not change during metoprolol treatment. Metoprolol reduced the I-E diff measured in beats per min (p=0.001). The 30:15 ratio was unaltered by metoprolol treatment.
Short term spectral analysis of HRV -supine and upright position. In one case short-term spectral analysis was not carried out (metoprolol-results) due to low blood glucose (below 3.5 mmol/l). Results were analysed for the individual positions (supine-standingsupine) as well as repeated measurements (Table 3) . Values of HF power were increased by metoprolol treatment in both supine and upright positions. The in- crease in CCVHF during metoprolol treatment was not significant in the upright position. The LF:HF ratio was increased by going to the upright position, mainly due to a drop in HF in the upright position. During metoprolol treatment the ratios were lower in both positions due to higher HF values. Measures reflecting sympatovagal modulation of the heart rate (LF power and CCVLF) were not influenced by metoprolol treatment when testing for repeated measurements while when testing for individual positions, CCVLF standing was found to be reduced. The centre frequencies of both oscillations were unaltered during β-blockade.
h time domain analysis of HRV.
Due to technical problems three patients had the tape recording repeated with a time delay of 24 hours compared to their 24 h AMBP. Total analysed time was 20.4±2.1 h, night-time was amounted to 6.2±1.2 h (Table 4) . Metoprolol treatment resulted in an increment in mean RR interval. This was more pronounced during daytime than night-time resulting in a reduction in mean 
24-h frequency domain analysis of HRV.
Total analysed time was 20.8±1.7 h, night-time amounted to 6.1±1.3 h (Table 5) . HF increased during treatment with metoprolol contrary to CCVHF, LF, and center frequencies where no statistically significant alterations were seen. Night:day ratios of HF and CCVHF also did not change during the metoprolol treatment period.
No relation between age, physical activity, sex, or BMI and HRV as assessed by short-term spectral analysis, 24-h spectral analysis, or 24-h time domain analysis was shown, nor did the effect of the metoprolol treatment depend on age, physical activity, sex, or BMI. Table 6 ). No significant changes in systolic BP values or night:day ratios were observed whereas metoprolol treatment resulted in a reduction in diastolic daytime BP of 2.3 mmHg (p=0.04).
No relation between age, physical activity, sex, or BMI and blood pressure results was assessed, nor did 
Discussion
The most potent risk factor for accelerated cardiovascular disease and death in Type I diabetes is the development of nephropathy and a raised UAE is a hallmark of patients at high risk of developing cardiovascular disease. Although none of the patients reported symptoms of diabetic autonomic neuropathy 15 patients carried out borderline or abnormal bed-side tests indicating that the study group had reduced baseline HRV. This study addressed effects of metoprolol treatment on HRV in Type I diabetic subjects with ongoing ACE-inhibitor treatment. The effects were assessed by two different spectral analysis methods as well as by time domain analysis and bed-side tests. The results show that HRV in diabetic patients without symptoms of cardiovascular autonomic neuropathy is susceptible to pharmacologic intervention as is the case in healthy subjects [19, 56] , and in patients with AMI [20, 21, 23] .
Bed side tests. The I-E difference (b.p.m.), which can be considered an estimate of vagal function, decreased significantly. Similar has been observed by others [57] in non-diabetic subjects, when calculating the I-E difference in b.p.m. This finding is in contrast to the results by the other indices of pure vagal control which increased by metoprolol. However, all these latter parameters are derived from heart period calculations (milliseconds). The explanation for this apparent paradox, is the inverse and non-linear relation between heart rate and heart period (RR intervals, ms) which affects associated HRV calculations in a similar fashion. This causes opposite direction of HRV results depending on the unit of measurement, in particular when interventions that shift the mean heart rate level considerably, are studied. This methodological problem has been shown [58, 59] .
Short-term spectral analysis -supine and upright position. Metoprolol treatment resulted in enhancement of parameters reflecting parasympathetic function, HF power and CCVHF. In contrast, others found metoprolol to decrease HRV in (Type I and Type II) diabetic patients [60] . However, the short-term spectral analysis technique which was applied is based on heart rate and not RR intervals. This opposite direction of HRV results is due to the inverse and nonlinear relation of heart rate and heart period which could push the derived HRV in opposite directions. Results from non-diabetic subjects, based on HRV calculated in ms, find that β-blocker treatment increase parameters of vagal function [19, 20, 21, 22] .
24-h time domain analysis of HRV.
Metoprolol treatment prolonged the mean RR interval more during daytime than night-time resulting in a diminished mean RR D-N. Sympathetic activity is higher during daytime than night-time and this is probably the reason for the difference. It is hardly due to lower metoprolol concentrations during night-time, because similar results were found using β-blockade dosage (atenolol 50 mg) four times daily [19] . The overall variability during the 24-h period, SDNN, summarising both short-term and long-term variability was not affected by metoprolol treatment as shown in healthy subjects [19] and in patients with coronary artery disease [22, 61] . The failure of 24-h SDNN to confirm the other measures of heart rate variability during metoprolol treatment can be accounted for by the decrease in long-term HRV as exemplified by the decrease in mean RR D-N [19] . The short-term variation in heart rate is firmly related to vagal activity. SDNN index and sNN50, both indices of short-term variability, increased indicating an increase in vagal activity during metoprolol treatment. Part of this increase in prevalence of successive RR interval differences of more than 50 ms could for mathematical reasons be explained by the prolongation of RR intervals. The vagal index measuring relative changes in RR interval (sNN6%) was not altered by metoprolol treatment. These results are in accordance with previous data in non-diabetic post myocardial infarction patients treated with metoprolol 100 mg once daily for 4 weeks [20] but disagree with other results showing an increase in both sNN50 and sNN6% when healthy subjects were treated with atenolol 200 mg daily for 3 to 5 days [19] . The difference between these results could be due to different dose regimes or different study groups.
24-h spectral analysis of HRV. 24-h LF component reflects both sympathetic and parasympathetic functions which makes it difficult to predict the effect of metoprolol on this parameter, whereas HF component, reflecting vagal activity, is supposed to increase. When treating healthy subjects with atenolol, an increment in 24-h HF as well as 24-h LF was observed [19] . This is in contrast to results from other studies, where LF power is unchanged during β-blockade [22, 39, 56] . In this study metoprolol caused a numerical but not a statistically significant increase in 24-h LF and an increase in HF throughout 24 h. The difference in HF induced by metoprolol treatment was no longer statistically significant when correcting for the effect of mean RR level on the amplitude of HF (CCVHF). The diurnal variation of HF, assessed by night:day ratio of HF, remained unchanged. In this study metoprolol treatment caused a reduced mean RR D-N ratio but no alterations in diurnal variation of sympatovagal balance as assessed by night:day ratios were observed.
Short-term spectral analysis, obtained under stationary conditions in the laboratory, showed a distinct improvement in all HRV parameters reflecting vagal activity during metoprolol treatment. The 24-h time and frequency domain analyses obtained under ambulatory conditions showed improvements in some parameters reflecting parasympathetic modulation (i.e. HF, SDNN index, and sNN50), but when corrections for the reduced heart rate were made (sNN6% and CCVHF) the differences were no longer statistically significant. The different results cannot be explained by the dose regime as patients had short-term spectral analysis carried out in the morning before taking the metoprolol tablet. HRV analysis of 24-h recordings of RR intervals is supposed to reflect the degree of autonomic modulation rather than the autonomic tone and averages of these modulations do not represent an average level of tone [36] . This could explain the different results obtained by short-term spectral analysis in the laboratory and 24-h spectral and time domain analysis. The two spectral analysis methods applied in the study are based on different methodologies which makes a direct comparison of absolute values difficult [36] .
In contrast to other findings [52, 62, 63, 64, 65] this study did not show any covariation between age, physical activity, sex, or BMI and HRV parameters. Possible explanations could be, that the patients in our study consisted of a small and relatively homogenous group according to BMI and age. Furthermore the patients' level of physical activity was only assessed by a questionnaire without any test of their fitness. 24-h ambulatory blood pressure. Supplementary metoprolol treatment to ACE-inhibitor treated Type I diabetic patients reduced day-time diastolic blood pressure (2.3±1.1 mmHg, p=0.04). Studies concerning the antihypertensive effects of combination therapy with a β-blocker and an ACE-inhibitor in non-diabetic hypertensive patients are ambiguous [66, 67, 68, 69, 70, 71, 72, 73] . These results must be interpreted with caution since none of the studies were carried out using AMBP. Studies concerning the combination therapy in diabetic patients are rather sparse [32, 35] and only one study used the AMBP technique [32] . This study did not show an additional antihypertensive effect when an ACE-inhibitor was added to ongoing β-blocker (and diuretic) treatment in 10 Type I diabetic patients with diabetic nephropathy for 4 months.
Urine albumin excretion. When studying the effects of supplementary ACE-inhibitor treatment to β-blocker treated Type I diabetic patients other studies showed a reduction in UAE [32, 35] . In our study UAE was only moderately and insignificantly lowered by supplementary metoprolol treatment to ACE-inhibitor treated patients. This could be explained by the different study design, a shorter treatment duration, or both.
Lipids, HbA 1c , and weight. As expected patients gained weight during supplementary metoprolol treatment [74] and HDL cholesterol decreased. No change in metabolic control as assessed by HbA 1c was observed which could be attributed to the short-term treatment and the number of patients treated.
In conclusion. Our study showed, that it is possible by means of pharmacological intervention to improve HRV parameters in Type I diabetic patients with abnormal albuminuria. Supplementary metoprolol treatment caused an amelioration in all short-term HRV parameters known to reflect parasympathetic function. Parameters reflecting parasympathetic function obtained under ambulatory conditions also increased but when corrections for the slower heart rate were carried out, the difference between placebo and metoprolol treatment was not statistically significant. Supplementary metoprolol treatment caused no alterations in diurnal variation of blood pressure or UAE. A minor decrease in daytime diastolic blood pressure was achieved. In this short-term study no alteration in UAE was found.
However, our study group was small and the treatment duration relatively short. Therefore long-term prospective studies looking at morbidity and mortality are needed to evaluate the effects of β 1 -selective β-blockers as rational adjunct drugs to ACE-inhibitor treatment in Type I diabetic patients with abnormal albuminuria and increased risk of cardiovascular events.
